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Abstract : Beauveria species are important entomopathogenic fungi producing a large variety of natural products including pep-
tides, polyketides , alkaloids , phenylpropanoids , terpenes and nucleosides. These compounds show various bioactivities such as
anti-tumor , insecticidal activity, antibacterial action and antiviral activity. Moreover, the biosynthesis pathways of some active
molecules including beauvericin, beauveriolide , bassianolide , oosporein and tenellin have been explored based on the develop-
ment of genome sequencing technology and genetic manipulation. All of which provide a good foundation for discovery of un-
known structures by genome mining and application of known active molecules in Beauveria species. In this review, the chemi-

cal constituents , bioactivities and the biosynthesis pathways of natural products produced in Beauveria spp. were summarized ,

and all of which provided the reasons for exploiting systematacially the natural product resourses in Beauveria species.
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Fig. 1 Structures of the ribosomal peptides 1-14
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KRR (96) , X Wb P AR AL 6 LB
AR R A T S, 1 HC ) R A R 3 B 4l 1 AN
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SrEAR R T HBA B iR BRI PR () -terredionol
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DI 1L R B e 2R AR 1 1 0 AR T A i B 4
AN 35 . Yamazaki 28" )\ B. bassiana TPU942
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thone A(101) , HH J5 IRl AL &5 ) BHA H1 H 682k
BTGP, globosuxanthone A (101) 3 7] DA HCT-15
(Z507) A Jurkat (T 41 bk 98) 09 45 4G, H 1C, fH
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H ~1(127 .128) ; Grove 2“8} J\ B. bassiana $14> &5
15 3| T beauverolide Ba (123 ) . beauverolide Ca
(121 ) | beauverolide Ja (114 ) FlI beauverolide Ka
(115) ; Jegorov 2190 I\ B. tenella W4y B 1R F] T
beauverolide L(131) F1 beauverolide La(120) ; Kuz-
ma 250 I B. bassiana P43 5455 T beauverolide M
(132) .beauverolide N(126) FiI beauverolide P(133) ;
Mochizuki £l Namatame 45 M\ Beawveria sp. ¥ 43 5153
B 14 F| T beauverolide I ( 125) . beauverolide II
(124) " Fil beauverolide 111(117) ) ; Matsuda ">
N M Beauveria sp. FO-6979 #1435 15 8] beauverolide
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LEA G BA T 2 25 E P, 9 40 : beauver-
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(139) . pretenellin B (140 ) | pyridovericin (141 ) | 1-
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Table 1  natural products produced in Beauveria spp. with pharmacological activities

Y sty 27 30k
Bioactivity Compound Ref.
F{ERE 2 (15) (destruxin A(35) \destruxins B B, (47 48) FFFEE FE A(73) Bk
By FUAEHE (77) \bassiatin(78) Loxirapentyn A(79) BH7{12:(91) isariketide A(92) ., 2-8,34,37,40,42,45,48,51,

Antitumor activity isariketide A acetate(94) .globosuxanthone A(101)  pyridovericin(141)  beauverse- 68,69,73

tin(144) HEA(158)

FEREZES) HEEE A ~F(16 ~19 .23 24) _allobeauvericins A ~ C (20 ~
22) .isariins C-D(64 .65) .iso-isariin B(66) .iso-isariin D(67) FAflE 2% A(73) .
isarfelins A-B(74.75) BRAIZEHER (77) (GRAZ (91) | [a] F IR FH R YR (95) X
FHELZRH R FH R (96 ) BRIBTA 28 (137) (LR 41K (138) (2-URBEFH (146) 2-75 17
1T (150) \HEA (158)

FIE T & (15) | desmethylisaridin C; (33) . isarfelins A B (74.75) . Bk iU 32 fis
(77) .bassiatin(78)  BEfL E (91) . ( + ) -bassianolone (105 ) | 5-hydroxymethyl-2-
furanoic acid(109) felinones B(152)

A MU

Insecticidal activity

9-12,25,31,32,34,35,38,
46,49,70,73

BB I

Antimicrobial activity

2,23,25,35,39,41,47,52,
56,

PLFC BT P FMEREZE(15) HMEEE A(16) HEHE D ~F(19.23.24) HMEE A 2 13-15.34 51 .52
Antifungal activity (73) .chrysazin (100 ) globosuxanthone A(101) .( + ) -bassianolone(105) ’ T
o s S
‘mﬁ{.ﬁ{ﬁ fi . I Z (15) (destruxin B(47) .homodestruxin B(49) . AIE 2= A(73) . 19,29,34
Antiviral activity
R .
:bLJ_(.(“ i o FI{E # & (15) . desmethylisaridin E(30) .desmethylisaridin C, (29) \HEA (158) 16,17,24,73
Anti-inflammatory activity
ATP B P struxi
ATP enzyme inhibitory activity Destruxin B(47) 2

e HI 2
TR SAUEE A(73) e
Immunosuppressive activity

[ e 375 g i .

L P 1 {8 % (15) .beauverolide 111(117) 18,66

Cholesterol-lowering activity

2 BEERATHEYMERHAR RRALS W) BRILACHR IR RAEF AR A5 K
BEH FEN LI F BRI R I, Z R AR Rtk RN LR 2 e sl ( Wk 2) , HiA:
MERANFC LS. HHERR AEEL Yaiaaie i) T BOnEER R
®2 BERPEHNEYEHEENLEUREEYEHXBER

Table 2 Biosynthesis gene clusters involved in the compounds from Beauveria spp.

ot LA B R A6 R E= PN

Compound Species Gene cluster Ref.
B B & Beauvericin B. bassiana bbBeas 75
Fusarium proliferatum fpBeas 76
Fusarium venenatum JfoBeas 80
FEF ACTE Beauverolide Cordyceps militaris cm3 82
BRIEIAZME Bassianolide B. bassiana bbBsls 83
G Z Oosporein B. bassiana OpS2 - OpS7 85

41 % Tenellin B. bassiana tenS 87,88
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Fig. 6 Biosynthetic gene cluster of beauvericin (A) and biosynthetic pathway (B)
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